The temperature dependence of electrical conductivity and conductivity anisotropy of FeCI3 doped stretch-oriented polyacetylene film at different doping levels were measured by using Montgomery technique. The increase of conductivity anisotropy upon doping is related to the aligned fibrillar structure and the interfibrillar contact effect. Weak temperature dependence, the slight decrease at low temperature and the persistence of anisotropy through aging indicate that the interfibrillar contact barriers limit the quasi-one-dimensional charge transport in heavily doped polyacetylene and play a major role in the conductivity anisotropy.
INTRODUCTION
Since the first observation of the conductivity anisotropy of partially oriented polyacetylene film [1] , various interpretations on the anisotropic transport mechanism have been presented [2, 3, 4] , particularly in microscopic point of view based on the quasi-one-dimensional structure of polymer chain. With the developement of modified techniques for highly stretchable polyacetylene film [5] , both the absolute magnitude of conductivity and its anisotropy increased up to ~rll ~10 4 S/cm and ¢rll/Cr.L ~10 2 [6] , respectively. The proposed soliton-antisolton condensation model in heavily doped polyacetylene seems to be a successful phenomenological model for one-dimensional charge transport mechanism along the infinitely long polyacetylene chain [7, 8] . Although the intrinsic conductivity of polymer chain higher than 10 4 S/cm is expected, the bulk conductivity is limited by defects, interchain hopping process which is unavoidable due to the finite conjugation length, interfibrillar contact barriers, and so on. The fluctuation induced tunneling model [9] well describes the effect of interfibrillar contact resistance on the temperature dependence of conductivity in heavily doped polyacetylene, which is important in bulk conduction mechanism. In the same sense, weak temperature dependence of conductivity anisotropy could be understood as the contribution of identical metallic fibrils interfacing 0379-6779/93/$6.00directionally di/ferent ilUm})er of contact barriers. Recent reports on the conductivity higher than l0 s S/cm [10, 11] should be carefully taken in, because their anisotropy is relatively lower than we expect [12] , as well as the ambiguity in 4-probe measurement and uncommon reproducibility [la].
We report the temperature dependence of tile conductivity and its anisotropy for stretched polyacetylene film doped with l'~eCla. In a series of nleasurement from intermediate doping concentration to heavily doped level, we observed the increase of anisotropy and weak temperature dependence. Experiments with aged samples showed independent behavior of conductivity and anisotropy, which is different from tile course of doping. Tile effects of contact barriers on the anisotropic conduction are discussed on the basis of fibrillar morphology of oriented polyacetylene.
h;XP EP, IMI~NTS lllghly oriented polyacelylene fihns were synlhesized by 11. Shirakawa et.al. [5] by an intrinsic non-solvent polynlerization method. Samples were stretched over 5~6 times their original length. Careful control of l'~eCl3 concentration ill nitromethane solvent and doping tilne resulted in different doping levels, hltentional overdoping could be accomplished by doping the sample over tile optilnal condition of the maximum conductivity I14J. Both the conductivity and its anisotropy were simultaneously measured in a sample by using Montgomery technique I15].
The change of conductivity and anisotropy in air were continuously checked at room temperature and their temperature depcndences were relneasured after a few ten days later. Details on the measurement of the temperature dependence of anisotropic conductivity are published elsewhere [6] .
I:~ESULTS AND DISCUSSION Fig. 1 (a) and (b) show the temperature dependence of the conductivity parMlel to tile stretch direction (aLl) and the conductivity anisotropy (Crll/~r.) respectively, with the variation of room temperature conductivity from 7.03× 10 -2 S/cm to 1.60×10 "t S/cm. As tile doping concentration increases, the lelnperatlu'e dependence of conductivity changes its curvature from downward to upward, which implies the change of dominant conduction nlechanism from intersoliton hopping process [16] to the tnnneling between metallic fibrils [9] . Together with the change of temperature dependence of conductivity, the magnitude of anisotropy also increases from the native value comparative to the stretching ratio (1/10 ~5) up to all/a ± ~80.
The anisotropy does not significantly change froln the value at room temperature when ten> perature is lowered down, indicating that the anisotropy is not affected by tile tempera.ture dependent intrinsic condncl, ion process. At low temperature, slight decrease of anisotropy was observed for intermediately and lightly doped ones.
As long as the conduction mechanism along tile direction of fibril is concerned, the anisotropy is originated obviously from the directional difference of tile number of fibers per unit cross section. Stretching increases tile number of parallel fibers per unit cross section along the stretch (111/10) 2 [1] . The observation of higher anisotropy with the same room temperature conductivity, for the sample with thickness less than 10 #m, reflects the complexity of alignment in fibrillar structure [17] .
Although the quasi-one-dimensional charge transport in the oriented chain structure of polyacetylene is limited by the interchain hopping process at low doping concentration, the possible formation of metallic fibrillar domain through doping enhances the dimensional characters of intrafibrillar conduction. Our conductivity data show the importance of interfibrillar contact effect on bulk conductivity. Isotropic thermoelectric power [18] , which is insensitive to the interfibrillar contact effects, and the measurement of complex conductivity [19] support this, too. If we assume that the transport across the fibril is allowed only at certain regions of contact area between nearby fibrils crossing each other, the effect of contact resistance will be identical in both directions. Since the number of contact regions per unit length of a fiber is inversely proportional to the number of fibers per unit cross section in the same direction, the anisotropy increase is expected. The decrease of anisotropy at low temperature for intermediately doped sample could be interpreted as the weakening of this effect, since the intrafibrillar conductivity (or mobility) decreases at low temperature. The conductivity and anisotropy of aged sample strongly support this idea. Fig. 2 shows the change of the anisotropy over a few ten days' exposure to the air after doping. The continuous decrease of conductivity was observed during the sample aging at room temperature, while the anisotropy persists its maximum or even higher value. Since the deterioration of the sample begins at the surface of fibril when aged, theinterfibrillar contact areas could be easily affected with no significant change of the intrafibrillar conduction. Slight increase of anisotropy could be due to the continuous increase of the average height of contact barriers upon aging.
Similar results were obtained from the measurements of overdoped samples.
The anisotropic transport nature for other conducting polymers such as PPV, whose anisotropy increases significantly at low temperature [8] , and oriented polyaniline, whose thermoelectric power is anisotropic [20] , could be differently appreciated depending on their structure anti microscopic conduction mechanism.
CONCLUSIONS
From our investigations on the temperature dependence of the conductivity and its anisotropy for the stretch oriented polyacetylene at different doping levels and for the aged sample, we conclude that the interfihrillar contact effect is important in anisotropic conduction mechanism in doped polyacetylene.
